INTRODUCTION
Multiple sclerosis (MS) is a progressive disorder often leading to substantial disability and high societal costs. 1 2 MS generally starts during the most productive period of life when individuals usually are active on the labour market. However, it has been suggested that the work participation is altered among patients with MS up to 8 years before diagnosis. 3 A high rate of patients with MS also change employment position, reduce working hours or leave the workforce prematurely, 4 including sickness absence (SA) and disability pension (DP). DP has been reported to be significantly increased already 5 years after onset of MS, compared with controls from the general population. 5 Unemployment, or being outside the workforce, irrespectively of reason thereof, is very common among patients with MS. [6] [7] [8] [9] However, knowledge about how work disability of patients with MS develops over time and whether sociodemographic factors influence this development is still scarce. In particular, there is a lack of longitudinal studies based on large population-based samples. However, in countries with mandatory sickness insurance systems covering all residents, registered SA and DP can potentially be used as a proxy measure for work disability. A
Strengths and limitations of this study
▪ The main strengths of this study includes the population-based design, use of nationwide registers with high completeness and validity, and a large cohort of patients with MS, thus enabling analyses of sociodemography on a nationwide scale. ▪ The main limitation to the study was the lack of clinical data on MS onset and diagnosis, but identifying year of diagnosis on first year with an MS diagnosis identified through the registers. This may result in individuals with a previous MS history (before the registers were available) being categorised as new patients with MS. ▪ To ensure proper follow-up of SA and DP, the study population had to be limited by age. Thus, patients with MS diagnosed in adolescence or as young adults were not included.
relapsing remitting disease course, higher educational level and light physical work has been suggested as predictors of longer time to DP. 10 Moreover, one study identified sociodemographic factors associated with trajectories of SA and DP in patients with MS, 11 although lack of a control group hindered comparisons with patterns in the general population.
In this study, we used Swedish nationwide register data on SA and DP to compare work disability among patients with MS from 5 years before to 5 years after diagnosis, with that of matched controls. Furthermore, we analysed if progression in work disability among patients with MS was associated with sociodemography. Register data included population-based data linked by personal identification numbers from; the Longitudinal integration database for health insurance and labour market studies (LISA) from Statistics Sweden (used for identifying the cohorts and for sociodemographics), the National Patient Register 12 from the National Board of Health and Welfare (including information about specialised outpatient and inpatient care), and SA and DP registered at the National Social Insurance Agency. Approval for the project was received from the Regional Ethical Review Board in Stockholm (2007/762-31) and it conformed to the Declaration of Helsinki. 13 The study population was attained in two steps. First, based on the year of MS diagnosis, patients with MS were categorised into four panels: [2003] [2004] [2005] [2006] . The year of MS diagnosis was defined as the first time the individual received MS as primary or secondary diagnosis code (ICD-9: 340, ICD-10; G35) in the inpatient care (available since 1987) or specialised outpatient care (since 2001). Included individuals were in ages 24-59 at year of diagnosis to ensure information for 5 years before and after diagnosis could be included.
METHODS

Study population and materials
Second, five controls from the general population (without previous MS diagnosis or MS diagnosis during the studied period) were identified using propensity score matching, by greedy matching without replacement.
14 Propensity scores for the matching were generated by logistic regression with MS (yes/no) as dependent variable and independent variables measured in the year of diagnosis being; age, sex, cohabiting/marital status, living with children, place of birth, type of living area geographic region and educational level. The procedure was repeated for each panel (ie, each year of diagnosis). Individuals that were matched to patient with MS in panel 2003 were not available for matching in panels 2004-2006, and so on. After matching, balance scores were used to ensure ≤10% residual imbalance 14 in independent variables between patients with MS and controls.
All individuals were followed up from 5 years before (T−5) to 5 years after (T+5) date of diagnosis, using annual information on SA, DP and sociodemographics: educational level, living with children (age <19), cohabiting/marital status, type of living area (based on population density), geographical regions. 15 16 Additionally, sex, age and country of birth were attained at the year of diagnosis.
Outcome measure and the social insurance system Our proxy measure for work disability was the annual number of net days of SA and DP combined (hereafter SA/DP) irrespective of SA or DP diagnoses. Studying only one of the systems and/or gross days of absence could give misleading results in terms of the individuals' work disability, as individuals may be on part-time SA and DP simultaneously and that individuals on full-time DP are not eligible for SA. 17 In Sweden, ∼65% of patients with MS had any SA or DP during 2010 and of these 12% had part-time use of both benefits during the same year (unpublished results).
In Sweden, all residents of working ages who have income from work or unemployment benefits are entitled to sickness benefits if they, due to disease or injury, are unable to work or prevented from job searching. During the first period (often 14 days) of SA, employed individuals are in most cases compensated by their employer, with the exception of a first uncompensated day. We therefore lack data on such short SA. All people with a disease or injury leading to long-term or permanent work disability can be granted full-time or part-time DP from the age of 19. Our measure of work disability thus do not discriminate based on the reason for receiving SA and/or DP, but is distinguished from other types of disability and other causes for decreased work participation.
Analyses
Mean annual SA/DP days and differences in mean days between patients with MS and controls, were calculated, overall and stratified by sociodemographic variables, at T −5, T−1, T0, T+1 and T+5. The differences were tested for statistical significance (α=0.05) using two-tailed t-tests with unequal variances.
Ordinary least squares (OLS) regression analyses with robust SDs were performed, for the patients with MS without controls, to gain insight on how sociodemographic variables affect the individual progression of SA/DP among patients with MS. The dependent variable was the difference in work disability, measured as SA/DP days, between two time points for each individual. Three linear regressions were performed: (1) T−1 vs T−5, (2) T+1 vs T−1 and (3) T+5 vs T+1.
RESULTS
Among the patients with MS, most were women (69.8%) between ages 45 and 59 (43.1%) (table 1). The sociodemographic characteristics for the matched controls were almost identical to that observed among the patients with MS, with balance scores below 6% (numbers not shown).
For the controls, mean SA/DP days slightly increased until the year of matching, thereafter stabilised around 40 days per year (figure 1). For the patients with MS, SA/DP days were increasing throughout the time period, but with varying rate of progression. The mean increase among patients with MS was 9 days per year in the period T−5 to T−1 (from 46 to 82 days over 4 years), increased to 30 days per year in the period T−1 to T+1 and again decreased to <2 days per year in the period T+1 to T+5. In the period T−5 to T−1 there was almost a doubling of the number of days, from 46 to 82 days (figure 1). The steepest increase over time was in the period around diagnosis (T−1 to T+1), where the mean number of days changes from 82 to 142 days in 2 years. Thereafter (T+1 to +T5), the increase continued but with lower rate of change, to 149 days in T+5.
Among patients with MS, SA was highest around the year of diagnosis (figure 2). However, DP increased with time, and thus the proportion of DP in relation to all SA/DP decreased from 56% at T−5 to <50% at T+1 and increased thereafter to 86% of SA/DP at T+5.
Women with MS had more SA/DP days than men with MS throughout the entire period (table 2) , and women with MS had, at all time points, higher mean SA/DP Figure 1 Annual net days with SA/DP per year, among patients with MS and controls, respectively, in relation to year of MS diagnoses (T0). DP, disability pension; MS, multiple sclerosis; SA, sickness absence. Figure 2 Mean number of net days per year with sickness absence (SA) and disability pension (DP), respectively, among patients with MS, five years before the year of MS diagnosis (T0) to five years after. DP, disability pension; MS, multiple sclerosis; SA, sickness absence. days compared with their matched controls than had men with MS. The difference by sex, of patients with MS compared with controls, was less pronounced from T−1 an onwards. Individuals with university education had fewer days compared with those with lower level of education. Moreover, the difference between patients with MS and controls increased more with time for those with lower education (T−5: 23 days, T=0: 95 days, T+5: 120 days) compared with those with higher education (T−5: 13 days, T=0: 59 days, T+5: 84 days). The difference by age, between patients with MS and the controls, was larger among the older age groups, although the rate of progression was larger in younger patients. The two younger age categories decreased mean SA/DP days between T+1 and T+5 compared with controls. During the time period before diagnosis (T−5 to T −1), the increase in SA/DP days was higher for patients with MS in older ages compared with in younger individuals (age 24-34) (β 35-44 =10.6, p<0.05; β 45-59 =22.9, p<0.05) also after adjusting for other variables using regression analysis (table 3) . Patients with MS having university education had lower increase in SA/DP (β= −13.1, p<0.05). The results when analysing the period around diagnosis (ie, the changes between T−1 and T +1) were similar to the estimates for the first period; older patients with MS and those with lower education had steeper increase in number of days compared with the other groups. During the period after diagnosis (T+1 to T+5), patients with MS in ages 45-59 had higher increase in SA/DP over time, but education did not appear to be associated with change in SA/DP during that period.
DISCUSSION
In this register-based study of more than 3500 patients with MS, we found that they had higher work disability compared with matched controls already 5 years before MS diagnosis. Work disability of patients with MS increased gradually in the prediagnostic period followed by a sharp increase around the year of diagnosis, after which only a marginal increase was observed during the first 5 years after diagnosis. This contrasts to the progression in matched controls who had a lower initial work disability that increased slightly until year of matching and after that remained quite stable. The increase in work disability among patients with MS, measured as mean SA/DP days, was similar in all investigated sociodemographic subcategories, although slightly more pronounced in those of older age, lower education and some categories of living areas. However, sociodemographics appeared to be less associated with the progression of work disability of patients with MS in the years after diagnosis. The strengths of the study include the populationbased design, using several nationwide registers with high completeness and high validity, 12 18 together with a large cohort of patients with MS; which enabled analyses of sociodemography on a nationwide scale. Our study also has limitations: We assume a first registered hospitalisation or outpatient visit with MS diagnosis in 2003-2006 to represent date of diagnosis. Due to lack of information on outpatient care before 2001 this is, however, uncertain -that is, some might not have had any inpatient or outpatient care contact in those years, although that, due to care regimes, is very unlikely. However, we assume that most patients with MS have healthcare contacts at least once during a 2-year period (2001) (2002) . We also had no information on actual onset of disease. Thus, we presented data by panel year and included panel as a variable in the regression analysis to account for potential differences in, for example, time from onset to diagnosis between the four panels. Moreover, our analyses using SA and DP data from several years before MS diagnosis does affect the age distribution in our study population, as those diagnosed with MS during early ages were excluded. The study should be viewed as explorative, no in-depth analysis of relative importance, interactions or causal pathways of specific sociodemographic variables were attempted, such as associations with local labour market conditions or if our findings represents inequalities that needs to be addressed.
Although the causes of work disability were not analysed in the study, we compared the results with that of matched controls to indicate how much of the work disability that could be assumed to be due to the MS disease. In this study, we used propensity score matching to identify a control group similar to patients with MS at year of diagnosis. Propensity score matching is often used in studies estimating the attributable effect of treatment in observational studies, 19 20 but has also been used in exploring the effects of disability, road injuries [21] [22] [23] [24] and disease. 25 In such studies, the disease onset or accident is analysed as if it was an initiated treatment, comparing individuals matched on pre-event characteristics. Most of our matching criteria were time Table 3 Associations between sociodemography and change in number of net days with SA/DP among patients with MS, results from three linear regression models independent, thus fulfilling these demands for pre-event criteria. However, our findings that SA/DP days was higher already at least 5 years before MS diagnosis indicate that matching should potentially be made on a time point before diagnosis, particularly if matching criteria is affected by the disease or symptoms. The analysis of sickness benefits in a specific country may appear less relevant in other settings. However, these results, using data on all individuals diagnosed with MS during the studied period, and complete SA/DP data from an almost universal sickness benefits system, have more general implications in relation to work disability, symptoms resulting in short-term (SA) and long-term (DP) disability, and the clinical course of the MS disease. The use of SA/DP in this manner can also be of relevance to other diseases where it has been suggested that the symptoms may start prior to assumed onset. However, to operationalise work disability in this way, using data on sickness benefits, is not without problem, as the benefits scheme and policy may change over time. This may have an impact on the validity of our study, although we expect that such alterations have had a similar impact on patients with MS and the matched control groups.
Although work disability was more common in some population groups with MS, not all patients with MS had SA/DP. This is in line with previous findings that 25% of all patients with MS were working essentially full-time, and 21% had no external financial support. 26 In Sweden, 62% of the patients with MS were on DP in 2005, while 37% of the remaining had longer SA spells during a 12-month study period. 27 However, Björkenstam and colleagues found 11 that sociodemographic factors in themselves poorly predicted the trajectories of SA/DP days among patients with MS in Sweden, and that previous SA/DP was a better predictor of postdiagnosis SA/DP trajectories than the sociodemographic factors. 11 Older age and educational level have previously been found associated with postdiagnosis SA/DP trajectories, which is in accordance with our results. As the source populations in the publication by Björkenstam et al 11 and this current analysis were very similar, this was expected. However, we did not find the same 11 association of sex and country of birth to work disability. This warrants further analyses as to the association between overall trajectories of SA/DP and the absolute levels and progression at different time points.
The initial course of MS disease is unpredictable and may affect individuals very differently. In majority of patients with MS, the disease begins with a relapsing course followed after several years by a progressive phase, 28 but it is possible that some phenotypes of MS may delay diagnosis more than others. We found a high rate of SA/DP days already 5 years prior the year of MS diagnosis, and a previous study 3 found lower work participation already 8 years before diagnosis. Our results are also in line with a previous study reporting increased DP already 5 years after MS onset. 5 Thus, it may be suggested that the clinical course of the disease with regards to work disability starts before the diagnosis, and possibly even before the assumed disease onset. It appears that the average time from onset to diagnosis was 4-5 years during our study period (unpublished results from the Swedish National Multiple Sclerosis Register). Thus, more studies are warranted to examine work disability in relation to disease onset and a potential prodromal phase of the MS disease. 29 The trend towards higher SA/DP already in the youngest age group makes it less likely that the increase was the result of delayed time to diagnosis among older patients with MS compared with younger. Moreover, it indicates that MS may be diagnosed earlier during the disease course among some patients in the future, potentially before todays assumed disease onset. This issue needs to be further explored, to identify methods for finding persons developing early symptoms, to ensure that work disability due to the MS disease is covered for by the sickness benefits scheme, and with regards to potentially earlier treatment initiation.
In register-based research, there is a need for measurements of disease progression collected routinely in administrative data, which preferably includes physical and mental aspects. Expanded Disability Status Scale (EDSS) has been the standard and dominating measurement for investigating MS progression. EDSS predominantly measures motor functions and has been used to, for example, find that time from symptomatic onset until reaching EDSS 6 (equivalent of requiring a cane to walk) range between 15 and 25 years. 30 However, EDSS is not collected among people without at least suspicion of MS, and it is likely that the scale is filled in more frequently by patients with MS having more frequent healthcare encounters (eg, due to problems in the treatment or worse symptoms). We thus used information on financially compensated reduced work capacity from the sickness insurance system as a proxy for disease progression. However, the identified apparent inequalities by sociodemographic characteristics may be underestimations, since the different levels of SA/DP may provide a ceiling effect to those with high SA/DP use already at T −5. Moreover, there is a need to better understand how the design of social insurance systems (eg, sickness insurance) interacts with eg labour markets for these types of outcomes. For example, the possibility of part-time absence in sickness insurance policy could potentially be of great importance. Thus, studying work disability using the proxy SA/DP may enhance the understanding of consequences of living with chronic disease, and give new insights into the effects of sickness insurance policy in a society.
CONCLUSION
Our results indicate that patients with MS have more work disability also 5 years before diagnosis. We also observed several sociodemographic variables associated with the absolute level and the progression in work disability, that is, higher age, smaller living areas and a low level of education, in particular during the period before and around diagnosis. Thereafter, it appears as the situation stabilised which resulted in that sociodemographic factors only marginally influenced the progression of work disability among patients with MS.
